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The root systems of Acacia saligna (Labill.) Wend!. have 
more extensive laterals than those examples of the 
Fabaceae indigenous to the Cape. Aspalathus f/exuosa 
Thunb. and Rafnia angulata Thunb. had lateral roots 
infected with vesicular-arbuscular (VA) mycorrhizal fungi 
whereas those of Aspalathus albens L. were non· 
mycorrhizal. VA mycorrhizal fungi were found in the roots 
of seedlings of A. saligna. Chlamydospores of the genus 
Glomus and three types of Gigaspora auxiliary cells were 
identified. VA mycorrhizal colonization was correlated with 
the dry mass and phosphorus content of A. saligna 
seedlings. Seedling dry mass, phosphorus content, nodule 
production and VA mycorrhizal colonization decreased with 
increased sowing density. The more extensive root system 
and abundance of root nodules and VA mycorrhizas 
apparently contribute to the success of A. saligna as an 
invasive weed of the fynbos vegetation. 
S. Afr. J. Bot. 1986, 52: 316-320 
Die wortelstelsels van Acacia saligna (Labill.) Wend!. het 
meer uitgebreide sywortels wat vanaf die penwortel uitstaan 
as ander voorbeelde van die Fabaceae wat inheems in die 
Kaap is. Sywortels van Aspalathus flexuosa Thunb. en 
Rafnia angulata Thunb. is deur vesikulere-arbuskulere (VA) 
mikorrisale swamme ge"lnfekteer maar die van Aspalathus 
albens L. was nie-mikorrisaal. VA-mikorrisale infeksies het in 
die wortels van saailinge van A. saligna voorgekom. 
Chlamidospore van genus Glomus en drie tipes hulp· 
selle van Gigaspora is geidentifiseer. 'n Korrelasie is tussen 
VA-mikorrisale infeksie en die droe massa en fosforinhoud 
van A. saligna-saailinge aangetoon. Saailing-droemassa, 
fosforinhoud , wortelknopvorming en VA-mikorrisale infeksie 
het met verhoogde saaidigtheid afgeneem. Die meer 
uitgebreide wortelsisteem en oorvloed van wortelknoppies 
en VA-mikorrisas dra skynbaar by tot die sukses van A. 
saligna as indringeronkruid in fynbos-vegetasie. 
S.-Afr. Tydskr. Plantk. 1986, 52: 316-320 
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Introduction 
Acacia saligna (Labill.) Wend!. and A . cyclops A. Cunn. ex 
G. Don, introduced to the Cape from Australia, infest large 
areas of the fynbos biome (Taylor 1975; Boucher & Stirton 
1978; Hall 1979). Although Australian acacias have been 
studied in the south-western Cape (Milton 1980), the impor-
tance of their root systems and the intensity and type of 
vesicular-arbuscular (VA) mycorrhizas have not been investi-
gated. VA mycorrhizal fungi are obligate symbionts belonging 
to the Endogonaceae (Powell1976; Hayman 1983). They are 
probably the most prevalent fungi in soils supporting plant 
growth (Gerdemann & Nicolson 1963) and are particularly 
important in supplying phosphorus to the nodules of nitrogen-
fixing legumes (Daft & El-Giahmi 1975; Smith 1982; Green 
eta/. 1983). This study investigates the root systems of alien 
and indigenous legume spp. in the south-western Cape and 
relates growth and phosphorus content of A. saligna seedlings 
with VA mycorrhizal colonization. 
Study area 
Root systems were excavated in a sand plain lowland fynbos 
community (Moll et a/. 1984) growing in Clovelly soil form, 
Geelhout series (MacVicar et a/. 1977) at Pella (33 °31'S, 
18°32'E). The area has a typical mediterranean climate. Total 
soil depth is approximately two metres and the soil is a 
medium acidic sand of a low phosphorus content (Mitchell 
eta/. 1984; Brown & Mitchell 1986). The indigenous vegeta-
tion consists of a Leucospermum parile (Salis b. ex 1. Knight) 
Sweet/ Thamnochortus punctatus Pill. mid-high open shrub-
land community (Boucher unpubl.), with the edge being 
infested with A . saligna and A. cyclops. The area was 
previously burnt during November 1980. 
Methods 
During February (late summer) and August (winter) 1984, root 
systems of A. saligna, A . cyclops and some indigenous legume 
spp. were excavated to one metre depth. Lateral roots when 
present were taken for determination of incidence of VA 
mycorrhizal infection. Root systems of A. saligna and Aspa-
lathus albens L. were classified according to Cannon (1949). 
Seedlings of A. saligna were grown in potted Clovelly sand 
to study VA mycorrhizas, growth, phosphorus content and 
seedling density. Seeds of A. saligna were immersed in boiling 
water for a few minutes and then allowed to germinate on 
damp filter paper in petri dishes . Germinated seedlings were 
transferred to plastic pots (180 mm diameter, 1,75 1 vol-
ume) containing Clovelly soil from the Pella site sieved 
through 2 mm mesh and watered with approximately 200 cm3 
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deionized water every 3 days. Initially, the pots containing one 
seedling were incubated for up to 8 weeks at 20°C day and 
night temperatures, 14-h day length at 290 ~-tE m- 2 s- 1 and 
700Jo relative humidity. In another study, the seedlings at a 
sowing density of 1, 2, 4, 8, 16 and 32 seedlings pot -I were 
grown for 20 weeks in a greenhouse at the University of Cape 
Town during May- August 1984. The plant material was 
oven-dried at 80°C for 12 h and ground through 40 mesh 
of a Wiley Mill. Phosphorus was extracted by the method 
of Jackson (1958) and then assayed by the Murphy & Riley 
(1962) method. 
The incidence of VA mycorrhizal colonization of 10 mm 
segments of lateral roots were estimated using the procedure 
of Bevege (1968) and stained in 0,1% trypan blue in !acto-
phenol (Hayman 1970). The presence of external mycelia on 
the root surface was disregarded unless penetration of host 
epidermis or root hairs occurred. The number of segments 
colonized by VA mycorrhizal fungi was expressed as % of 
total. 
Dry mass and phosphorus determinations are means of at 
least four replicates, whereas VA mycorrhizal colonization was 
observed on 100-200 segments. Results were assessed by one-
way analysis of variance and correlations between variables. 
Results 
Classification of root systems at the study area 
In a stand of three-and-a-half-year-old sand plain lowland 
fynbos, the root systems of both A. saligna and A. cyclops 
possessed extensive branched laterals containing VA mycorrhi-
zal fungi and were nodulated during late summer (February, 
1984) and winter (August, 1984). The root systems of A. 
saligna possessed a long slender primary root and the majority 
of the first order laterals occurred at 0- 0,25 m depth (Figure 
1). The laterals were more extensive during the wet winter 
compared with the dry summer period. The root systems of 
A. saligna were classified as Type IV according to Cannon 
(1949) which is a xerophytic and mesophytic type. During 
summer, hyphae penetrated the host ro<;>t epidermis whereas 
vesicle formation as well as hypha! penetration were observed 
during winter. 
Roots of indigenous plants belonging to the Fabaceae (e.g. 
Aspalathus albens, Asp. jlexuosa Thunb. and Rajnia angulata 
Thunb.) contained fewer laterals (mean of 6 ± 2,5 root 
system- 1) than those of A. saligna in the 0-0,15 m depth 
during winter. No laterals were present in this region during 
late summer. The root system of Asp. albens was similar to 
the Type III of Cannon's (1949) classification possessing a 
long tap root and short laterals (i.e. less than 30 mm long) 
which occurred below 0,7 m depth (Figure 1). No signs of 
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Figure 1 Diagrammatic representations of three-and-a-half-year-old 
root systems of Acacia saligna (A) and Aspalathus albens (B) to one 
metre depth at Pella, south-western Cape. 
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VA mycorrhizal colonization occurred in the lateral roots of 
Asp. albens,. whereas those of Asp. jlexuosa and R. ahgulata 
contained hypha! and vesicle penetrations of the epidermis. 
Figures 2-4 Morphology of vesicular-arbuscular mycorrhizas of 
Acacia saligna shown under light microscopy. 2. Root hair penetration 
of 20-week-old root system. 3. Hypha! coils within a cortical cell of 
eight-week-old root system. 4. Lemon-shaped terminal vesicle in six-
week-old root system. Scale line = 25 ~m. 
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Figures 5-8 Morphology of auxiliary cells of Gigaspora spp. and chlamydospores of Glomus sp. shown under light microscopy. 5. Gigaspora 
type A auxiliary cells with spiny ornamentations. 6. Gigaspora type B auxiliary cells with cone-like end projections. 7. Irregularly lobed Gigaspora 
type C auxiliary cells. 8. Chlamydospores of Glomus sp. with reticulate surface ornamentations. Scale line = 25 J-lm. 
Seedlings of A. saligna growing in pots 
No nodulation and no VA mycorrhizal infection was observed 
in 2-week-old seedlings. In the 4-week-old seedlings, healthy 
pink nodules and VA mycorrhizal colonization were detected 
and phyllodes had formed on 250Jo of the seedlings. VA 
mycorrhizal fungi colonized the lateral roots and penetration 
of the epidermis and root hairs was by an appressorium 
(Figure 2). The external mycelial network resulted in a number 
of closely spaced entry points. Infection was not restricted 
to any particular region of the lateral root and characteristic 
hypha! coils were formed within the host cortical cells (Figure 
3). Hyphae extended longitudinally forming arbuscles in the 
im1er cortex and teffilinal vesicles in the outer cortex (Figure 4). 
Four members of the Endogonaceae were identified ac-
cording to either the type of auxiliary cells or chlamydospores. 
Three belonged to the genus Gigaspora and one to Glomus. 
Positive identification of the Gigaspora spp. could not be 
made without the recovery of azygospores. Gigaspora type 
A had obovate to subglobose, 20 f..lm wide x 25 - 30 f..t.m long 
echinulate, hyaline auxiliary cells clustered in groups of 6 to 
13 cells (Figure 5). Auxiliary cell characteristics were similar 
to G. albida Schenck & Smith (1982), G. gigantea (Nicol. & 
Gerd.) Gerdemann & Trappe (1974) and G. rosea Nicolson 
& Schenck (1979). Gigaspora type B possessed turbinate to 
subglobose, 20-25 f..t.m wide x 25 f..t.m long hyaline auxiliary 
cells containing cone-like end projections, borne in clusters 
of 2- 8 cells (Figure 6) and resembled G. aurigloba Hall 
(1977). One cluster of Gigaspora type C had light brown, 
turbinate to obovate, 20 f..lm wide x 25 - 30 f..t.m long, smooth 
and rounded to irregularly lobed auxiliary cells in a cluster 
of 13 (Figure 7). This type agreed with G. erythropa Koske 
& Walker (1984), G. heterogama (Nicol. & Gerd.) Gerdemann 
& Trappe (1974) and G. pellucida Nicolson & Schenck (1979). 
Chlamydospores belonging to the genus Glomus were globose 
structures with a reticulate surface ornamentation at maturity 
but were never in tight clusters (Figure 8). 
VA mycorrhizal colonization of root systems of A. 
saligna seedlings occurred 4 weeks after germination (Figure 
9). Root:shoot dry mass ratios increased from 1,2 to 1,6 
between 4 and 8 weeks after germination and the root 
systems also had a higher phosphorus content (Figure 9). 
The percentage of segments colonized by VA mycorrhizal 
fungi showed a good linear correlation with root (r = 0,87; 
n = 15; P ~ 0,001) and shoot (r = 0,84; n = 20; P ~ 
0,001) dry mass and root (r = 0,64; n = 15; P ~ 0,05) 
and shoot (r = 0,79; n = 20; P ~ 0,001) phosphorus 
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content. Dry mass and phosphorus content of shoots and 
roots of 20-week-old A. saligna seedlings decreased with 
increasing seedling density and root:shoot ratios were less 
than one (Table 1). Seedling density resulted in variations of 
number (F = 7,7; d.f = 5,17; P,;; 0,01) and dry mass (F 
= 11,8; d.f = 5,17; P,;; 0,01) of root nodules and VA 
mycorrhizal colonization (F = 23,2; d.f = 5,6; P ,;; 0,01) 
(Table 1). 
0 ,7 
0,6 
§ 0,5 
(/) 
(/) E o,4 
5 0,3 
0,2 
0,1 
0,7 
0,6 
Ci 
.s 0,5 
(/) 
::J 
_g 0 ,4 
c. 
2 0,3 
.c: 
c.. 
0,2 
0,1 
40 
(ij~ 
N- 30 ~ .Q 
o-~ .~ 20 
E c 0 
<(-
>8 10 
Weeks after sowing 
Figure 9 Changes in dry mass, phosphorus content and VA mycor-
rhizal colonization in Acacia saligna seedlings grown in Clovelly soil. 
• root system; A. shoot. Vertical bars represent I x S.E.M. 
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Discussion 
Hattingh (1972) first reported fungi belonging to the Endo-
gonaceae in South Africa. Azygospores of Acaulospora /aevis 
Gerdemann & Trappe were later isolated from rhizosphere 
soils of Zea mays L. in the eastern Orange Free State (Coetzee 
1982). Although VA mycorrhizas have been noted in various 
habitats of the south-western Cape (Low 1980), this is the 
first report of auxiliary cells of Gigaspora spp. and chlamydo-
spores of Glomus sp. Although Gigaspora spp. are identified 
by spore characters, a complete confirmation is by presence 
of auxiliary cells (Trappe & Schenck 1982). 
Since non-mycorrhizal controls were not used in the pot 
experiments, the effects of VA mycorrhizal fungi on the 
growth rate of A . saligna seedlings could not be determined 
but VA mycorrhizal colonization was correlated with either 
dry mass or phosphorus content. This does not necessarily 
mean that a cause and effect relationship exists but demon-
strates that VA mycorrhizas are important in the phosphorus 
nutrition of A. saligna. The increase of seedling density 
reduced seedling dry mass, phosphorus content and root 
nodule production, indicating a competition for limited 
nutrient sources in the soil. The availability of nitrogen (Stock 
1985) and phosphorus (Mitchell eta/. 1984) in the Clovelly 
soil form at Pella is extremely low and the diffusion of 
phosphorus to the root surface may limit its uptake (Bhat & 
Nye 1973) . 
Our results indicate that A . saligna possesses a more 
extensive root system with longer and more branched laterals 
than those of Aspalathus a/bens, an indigenous legume of the 
south-western Cape. A bigger root system will not only 
provide a greater surface area for nutrient uptake but will 
possess more sites for VA mycorrhizal colonization. Mycor-
rhizas are a prerequisite for the nodulation of legumes in soils 
of a low phosphorus status (Munns & Mosse 1980; Huang 
et at. 1985). Acacias, in particular A. ho/osericea A. Cunn 
ex G. Donn., can cope with deficiencies of soil nitrogen and 
phosphorus in Australia (Langkamp & Dalling 1982). Acacia 
sa/igna is an invasive weed of coastal and mountain fynbos 
of the south-western Cape and part of its success is due to 
an extensive root system and abundant root nodules and VA 
mycorrhizas. 
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Table 1 The dry mass (g seedling- 1) and phosphorus content (mg P g - 1 dry 
mass) of shoots and roots, the number (seedling- 1) and dry mass (mg seedling- 1) 
of root nodules and vesicular-arbuscular 0/A) mycorrhizal colonization(%) of Acacia 
saligna growing in 1,75 I pots at various seedling densities (number of seedlings 
grown in each pot) for 20 weeks. Results are means ± S.E.M. 
Dry mass P content Nodules 
Dry VA 
Density Root Shoot Root Shoot No. mass % 
I 0,59±0,09 1,08±0,07 1,73 ±0,32 1,75±0,03 22±3 26±5 39±2 
2 0,51 ±0,03 0,82±0,07 0,78±0,06 1,08±0,05 20±3 29±3 63±5 
4 0,38±0,07 0,63±0,04 0,73 ±0,06 0,78±0,04 14±2 22±3 58±6 
8 0,28±0,02 0,38±0,01 0,59±0,04 0,67±0,05 10± I 14±1 46±4 
16 0,19±0,01 0,26±0,01 0,56±0,06 0,58±0,02 10±<1 9±<1 29±6 
32 0,09±0,01 0,16±0,01 0,54±0,04 0,55±0,03 9±<1 6±<1 39± I 
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